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Mass Spectra of Some Lead Alkyls
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lities of ion

ﬁl‘.‘ﬂtm sra given for the compounde: tetramethyllead, tri-
dimathyldiethyllead, msthyltristhyllead, teirasthyllead, tatmaproprllead,
trimethyl-g-buatyllead, trlmethyl-ase-buiyllead, trimet
ong between relative probabi

l-teri-butyllasd, and totrs-lzo-
armation and molenular strusture

are obderved for ssvaral ion configurations and ave disenased briefly.

1. Infroduction

The systematic comparison of the maszs spectra of
a group of related compounds not enly affords a
besis for chemical anslysis but also provides infor-
mation on the molecular structure and relative
probabilities of bond dissociation processes. (rgan-
ometallic compounds are particularly interesting for
this purposa, and studies of mass spectra have been
reperted for s number of these, including the tetra-
methyl eompounds of the group IV elementa [1]
laad and mercury alkyls [2], and tha eyelopen tadienyl
compounds of ¥, Cr, Fo, Co, Ni, Be, Ru, Mzn, and

Mg [3). .

%“a concomitant data of isotope abundance ratios
obtained for the metallic slements in organomatallic
compounds is also of interest. Although possible
interference from jons formed by rearrangement
during the ionization-dissociation cese (B 2.,
hydride ions) precluds their use for dizcovering rare
isotopes, satistactory agreement has been obtained
in the comparison of routine analyees of lead, usin
the halides and the tetramethyl compound {4], an
of mercury, vsing the element and the dimethyl
o . etudy, mad ble through = gift of

e preasnt study, made possible thro & gift o
the lead alkyls from the Ethyl Cuﬁp., Detroit,
extends the published mass spectral data of lead
alkyls to include trimethylethyllesd, dimethyldi-
athyllaad, met.hﬁgtrigth}rﬂend, t&trn-n-pmp-av]fi;ad,
trimethyl-n-butyllead, trimethyl-zec-butyllead, tri-
methyl-fert-butyllead, and tetra-fzo-butyllead. Rel-
&tive diasociation probahilities ara compared for the
peveral molecules and conclusions noted with regard
to molecular etructure and mass spectra.

2. Experimental Details

Masa spectra. wera ohiained by using p Consoli-
dnta;gd 21—1031mam spectrometer and mnvanﬂiu]l;ﬁl
proceduras. In minary axperiments, ligui
samples were introduced through a gn]]ium-mvgred
porous glass frit [6]. However, considarable holdu
waa obaerved for heavier Lhquids, and as a m&uﬁ
the ssmple pressure did not a ateady value and
pump-out time was excessive. The uss of g mercury-
sealed orifice [7] avoida these diffeulties. There was
no indieation of reaction between the mercury and
the lead alkyls.
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A reaulﬁnﬁlpower of about 1 in 500 was obtained
by reduci & width of the collestor elit from 32 to
8 mils sand by the use of a high potentinl on tha
“metastable suppressor.” "This electrode s located
hoetween the collactor slit and the eollector, and in
addition o filtering out ions that have lost energy
through metastable transitions, it alse acts a5 a
virtual limiting slit.

Table 1 lists the lead slkyls and the purities as
stated by thg supplier. The tetramethyllead and
tetrasthyllead ware part of the sams samples used
& previous study [2]. HRecognized impurities in the
samples were principally slkyl halides, except in the
cage of the trimethyl-tert-butylizad, which contained
feri-hutanol in exceas of the total rted impurity
and may have reaulted from some decomposition ol
tha sample. Mnss spectral contributions of these
intpurities were subtracted from the lead allkyl
spectra. Impuritiss consisting of other organo-lead
compounds are not essily identified. One check on
the purnity is to compare the spactrum of the vapor
in contact with an excess of liquid with the spectrum
ovbtained when & small sample of liquid is completely
vaporized. In the first spectrum, lower vepor-
pressure impurities are suppressed whereas those
with higher wapor pressures are enhanced. This
techniqua disclosed approximately 0.1 pereent of
trimethylethyltead and dimethyldiethyllead in the
tetramothyllead sampla.
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The relative abundance of lead isotopes  in
natural ores is subject to varigtions. “"Com-
mon lead,” which is fraquently » mixtare from sev-
eral sources, may wlsp exhibit varintions, In this
resesrch, the Isotope Tatice are computed inde-
pendently for each rompound. However, as tha
prepacation of the samples dates to 1934 and the
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origin of the leads is unknown, amall varigtions in
the i=sotope ratio obzerved in these samplea, although
probably real, are not a matter of acientific interest.

3. Besults

The polyisetopic spectra of the lead s have
been submitted for publication e.lsawh;r]eky[ﬂl. Az
dissociation processes sre difficult to interpret from
mges specirs of molecules conteining elements with
& Lnum of isotopes of comparabls abundance,
monoisotopic spectre are computed. First, contr-
butions of ione contaiping C* and D are sabtractad
in the eonventionsl manner by using a G‘TU“' ritio of
%1.0 and an H/T ratio of 6700. Common lead is com-
poaad of four laotopes with the approximate percent-

sbundences: 204:206:207:208=1.3:26:21:52.
Thus each ion of formula Ph(R), gives riss to four
mass peaks in eddition to the pesks resulting from
» iong contpining C'* and D atoms. A method for ob-
taining the isotope abundance ratios and applying
them to the computation of the mongisotopic spectre
has been deseribed in detail [1, 2).

Table 2 summarizes the principal ione in the 70-v
monoisotopic spectra of 10 lead alkyls, including
tetramethyl and tetraethyllead. The sbundences
are relative to the most ahundant ion taken as 100.
Obsarved molecule ions are in boldfaced type. The
eensitivities (ion current per wnit of pressure in the
gample reservoir) of the most abundant jons are ex-

ressed 82 relative to the sensitivity of the C;HE
ion of sn-butana. Thesa appesr in tha Inst line of

4, Digcupgion

The hydrocarbon jons in general, and particularly
the methy] jons in the lead alk)';l mass gpecira, may
exhibit variationa in relative abundence for inetru-
mentsal reasons, and conclusions based therecm are
zubject to aome nneertainty. Nevertheless, some in-
teresting resulis ave ohserved. The relative abun-
danes of the CH¥ ions in tetramethyilead, the meth-
vlethyllends, and tetraethylead coneistently de-
creased with the number of Pb—-CH,; linkages. In
the methylbutylleads the CH} sbundance is sl-
fected by the configuration of the butyl radical as a
low CHF abundanes oecurs for the sn-butyl, whereas
B high abundanee is observed for the tertiary butyl
compound.

The abundance of CoH,* ions also follows a logical
relation to moleculsr structure, except in the case of
tatrasthyllead. Formation of the CHgt jom by
dissociation of the Pb—C;H, 1 a is relatively
leas probahle than formation of CH,* from Pb{CHL.),.

The relation of abundance of propyl and butyl ions
to molesular struciure is evidently complicated.
Tha formation of CLH,* ions is relatively improbable
in the tetrapropyl compound, and analogpous to the
tetraethyllead. The increased sbundaoce in the
trimothylderi-butyllead is unexpected because of
the complicated disscciation process' involved and
the low abundence in the tetra-izo-hutyllead. The
abundanee of the CH,* ion in the see-butyl com-
pound is not consistent with the order of bond

the table. energies: primary>secondary >-tertiary.
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Hydrocarbon 1one sppareaily resulting from re-
arrangement during ionization-disscciation procesaes
have noted previously for tetramethyBead [1].
Tracez of impurities in the compounds used in
research effectively masked sueh ions and prevent
further discussion concerning their origin.

Lead atom ions are of cormparable abundance in all
of the compounds. The abundanee of FhH* ions,

although comparable for most of the eompounds, is
relatively low I the tetramethylead sand the tri-
methylfer-butyllead.

Tha PhCH,* ion ie one of the principal ions in all

of the lead alkyl spectra excepi tetraethylload. Al-
though the lattsr requiras rearrangement to form the
monomethyllead ion, the tetrapropyllesd sand tet-
ra-izo-butylleads 2lso require tesangement, and
the PROH,;* ion is the most abundant ion in the
spectra of these compounds.

The abundances of the PHOHF ion are generally
consistent with the atracture of the lead alkyls, . g.
the abundance inereases with substitution of et.hj,ri
radlicals for mel;h‘w{l LEDIIPS of tetrameathyllead. The
low abundanes of this ion in the mathylbutyl com-
pounds is consistent with structure. However, the
tetrapropyliead and tetra-ise-butyllead compounds
are exceptions. Fermation of this jon by dissocia-
tion of a hydrogen atom from a dimethy £on-
fizuration svidently oceurs with low probability.

The abundances of the dimethyllead ion, PbC.H*,
are also generally consistent with molecular atructure.
Inereased substitution of ethyl radicsle for methyl
radicals in the methyl-ethyl leads results in decreased
shundance. Formation of thizion in tetrepropyllead
and the butyl leads iz by rearrangement. The
FPhC:H,t ions ara evidently hydrides of the dimethyl-
lead ion formed by rearrangement. )

As expocted, the trimethyliead ion, PbCH,*, is
abundant for molecules having 3 or ¢ methyl groups.
The relatively large abundance of this ion observed
in the tetrapropyllead and tetra-izo-butyllead spectra
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8 ta & dihydode of the monopropyllead
Hﬁﬁﬂ,H-,*', This is suggeated by the n nt
Mﬂ: stability of the ion confipuration, PbE,*, in
which three bonding orbitals of the central lead
atom are oceupisd by atoms or alkyl
groups. Such stability is natrated by the |
abundances of the Pb{CHy)+ wns of tetramethyl-
lend, trimothylathyllesd, wod the trimethylbutyl-
leads, the Pb{CH,nCyH,* ion of dimethy!disthyl-
lead, the Ph{CH}CH, )t ion of methyltnethyllead
engd the Po((LH,)' ion of tetrasthyllend. Tetra-
propyllead and tetra-iss-butyllead are evidently
exceptions to this, probably for staric reasons, How-
avar, the trimutjlj'i-ﬂ-hutjrllaud gpectrum  includea
an abundant ion PhCyH,,*, which v robahly has
the trialkyl confipuration, Ph{CH,}CH,.

Iomz heavier than PbOC.H,;* are relatively rare.
Molecule ions of only five of the lead alkyls were
oheervad with abundances as large aa 1 cent of
the most abundant jon. This fact complicates the
mass spactrometer aoalysiz of mixtures of thess
compounds, particularly {for those containing emall
amounts of lower molegular weight compounds.
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